Theoretical evaluation of a model of the catalytic triads of serine and cysteine proteases by ab initio molecular orbital calculation.
Serine and cysteine proteases are structurally distinct families of proteolytic enzymes that exert analogous catalytic reactions. It is known that serine, histidine, and aspartate residues are involved in a putative catalytic triad of serine proteases whereas cysteine, histidine and aspartate (or asparagine) are involved in that of cysteine proteases. Although the overall three-dimensional structures of the two classes of proteases are quite different, a similar feature of the catalytic mechanism can be observed. We carried out a theoretical study in the gas phase on their two catalytic steps using ab initio molecular orbital calculation to evaluate the efficiency of each proteolytic activity. To examine the key aspects of the catalytic processes in their active sites, we employed simple molecular models, in which serine and histidine were substituted for by CH3OH and CH3SH, respectively, and aspartate by CH3CO2-. Molecular geometries of the two models were fully optimized by an energy-gradient method. The activation energies for proton transfer in the proteolytic steps and the total energies of each molecule in the intermediate states were calculated. These results revealed that the activation energy for proton transfer in the CH3SH-His-CH3CO2-system was smaller by 11 kcal mol-1than that of the CH3OH-His-CH3CO2-system. The calculated potential energy surface and the relative magnitudes of all steps in these reaction paths with regard to double proton transfer supported the above results. Taken together, these results indicated that the Cys-His-Asp proteolytic system might work more efficiently than the Ser-His Asp system.